Most previously reported mutations in cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) 
Introduction

Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is a familial adult-onset progressive vascular disorder characterized by recurrent ischemic attacks leading to vascular dementia (1). Joutel et al identified the defective gene in CADASIL as
Notch3, which consists of 33 exons encoding a protein of 2321 amino acids, including 34 epidermal growth factor (EGF)-like repeats in the extracellular amino-terminal region
. CADASIL is caused by single missense mutations (2) (3) (4) (5) , small in-frame deletions (6, 7) , or splice site mutations (8) in the Notch3 gene. Most previously reported mutations have resulted in an odd number of cysteine residues within the first five EGF-like repeats (4, 9) . Each missense mutation is predicted to replace the wild-type amino acid with a cysteine residue or to replace one of the six highly conserved cysteine residues with another amino acid in the EGF-like repeats. These mutations are thought to change the conformation of EGF-like repeats due to altered covalent bonding between cysteine residues (9) .
Brain magnetic resonance imaging (MRI) shows diffuse white matter abnormalities and small subcortical cystic lesions suggestive of infarcts in CADASIL patients (10) (11) (12) (13) (14) Fig. 2A-C) .
A (Fig. 3A-C (Fig. 4) 
in the proband of Family B (BII-3), but not in her daughter (BIII-7), who had no abnormalities on MRI. This mutation was not seen on PCR-RFLP analysis in 100 Japanese controls (data not shown). The silent heterozygous 381 C>T mutation, which results in the loss of the Aci 1 recognition site, was seen in both Family A (AII-1) and Family B (BII-3). This polymorphism was also seen in 32% of healthy Japanese controls (16).
F i g u r e 2 . T 2 -we i g h t e d i ma g e s f r o m F a mi l y A. Mu l t i p l e l a c u n a e a n d wh i t e ma t t e r l e s i o n s we r e o bs e r v e d i n e a c h p a t i e n t , b u t n o l e s i o n s we r e d e t e c t e d i n t h e t e mp o r a l p o l e . A-C a r e f r o m t h e p r ob a n d ( AI I -1 ) , D-F a r e f r o m AI I -2 a n d G-I a r e f r o m AI I -4 .
Discussion
R75P mutation is a rare mutation of Notch3 previously only reported in 4 unrelated Korean families (17). Most previous mutations in CADASIL patients were related a gain or loss of cysteine residues within an EGF-like repeat domain. An odd number of cysteine residues within an EGF-like repeat domain is thought to induce abnormal folding or dimerization, and aberrant interactions with other proteins. However, the R75P mutation does not directly involve the cysteine residues within the extracellular domain of the Notch3 as well as Italian case (7). We confirmed cosegregation of R75P mutation with development of CADASIL and found no causative mutations in other exons of the Notch3. In addition, we observed GOMs in the basal lamina of the skin vascular wall in Family B; GOMs in extracerebral arteries, including skin arterioles, are a specific hallmark of CADASIL (18). This suggests that CADASIL is caused by the substitution of non-cysteine residues in Notch3.
The 3D structure of the first EGF-like repeat in the Notch 3 protein is predicted to be a two stranded beta-sheet followed by double (Fig. 5) (6) . The six cysteines form three disulfide bonds and the double hairpin is fixed by the 5th and 6th cysteines. Substitution of the 6th cysteine in the first EGF repeat with tryptophan at codon 76 is reported to be the cause of CADASIL (19) . In the 3-dimendional studies of β-hairpin and antiparallel β-sheet structure formed by water soluble peptides, proline residues contributed to stabilize β-hairpin because proline fits well into the topography of β-turn (20) . In addition, the presence of proline residues combined with disulfide bonds can lead to different conformational isoforms of both the proline and the cysteine bonds (21, 22) . The mutation of bovine pancreatic trypsion inhibitor at the 13th proline replaced by isoleucine adjacent disulfide bridge showed conformational change and enzyme in- hibitory activity (23) . Dichgans et al (6) predicted that the cysteine at codon 76 would be related to fixation of the double hairpin in the EGF-like repeat of the Notch3 (Fig. 5) temporopolar lesions were specific to CADASIL in Europe (13 
F i g u r e 3 . MR i ma g e s f r o m t h e p r o b a n d i n F a mi l y B . Mu l t i p l e l a c u n a e a n d wh i t e ma t t e r l e s i o n s we r e o b s e r v e d , b u t n o l e s i o n s we r e d e t e c t e d i n t h e t e mp o r a l p o l e . A-C a r e T 1 -we i g h t e d i ma g e s a t 6 4 y e a r s o f a g e , a n d D-F a r e T 2 -we i g h t e d i ma g e s a t 7 1 y e a r s o f a g e .
F i g u r e 4 . A. E l e c t r o n mi c r o g r a p h o f t h e s k i n v e s s e l r e v e a l e d g r a n u l a r o s mi o p h i l i c ma t e r i a l s ( GOM) ( * ) wi t h i n t h e i r r e g u l a r b a s e me n t me mb r a n e o f v a s c u l a r s mo o t h mu s c l e c e l l . T h e a r r o ws i n d i c a t e t h e b a s e me n t me mb r a n e . B . Hi g h e r ma g n i f i c a t i o n d e mo n s t r a t e d GOM a n d p r e s e n c e o f p i n o c y t i c v a c u o l e s i n t h e s mo o t h mu
